This paper reported the study of tensile properties of kenaf yarn fibre reinforced unsaturated polyester (UP) composites at different fibre orientations, i.e. 0º, ±45º and 90º. It is concluded that composites with 0º orientation show higher strength and stiffness than composites with ±45º and 90º angle fibre orientation. The highest value of stress is 29 MPa for 0 o loading direction followed by ±45 o loading direction (28 MPa) and 90 o loading direction has the lowest stress value of 6 MPa. Tensile modulus results revealed the highest value of 10.61 GPa for 0 o loading direction and the tensile modulus for 45 o orientation of loading direction is 5 GPa, followed by the modulus for 90 o of fibre loading direction of 1.2 GPa; which is the lowest.
Introduction
Traditionally, synthetic fibres such as glass and carbon fibres have been widely used as reinforcements in polymer composites. These materials have good processability and light weight. However, due to problems of recyclability and disposal, synthetic fibres are now being replaced with natural fibres. Natural fibres used as reinforcement in polymer composites have been developed in the past decades as alternatives to carbon and glass fibres in polymer composites. One such fibre is kenaf (Hibiscus cannabinus L.) and this fibre was used as reinforcement for polymer to form composites in this study.
Nishino et al. [1] studied mechanical properties of kenaf fibre reinforced poly-l-lactic acid (PLLA) composites. Kenaf was supplied in the form of sheet with the thickness of 40 µm. The fibre content in composites was 70 vol. %. At this fibre content, the Young's modulus was 6.3 GPa and the tensile strength was 62 MPa and these values were comparable with traditional composites. Ochi [2] described his study on biodegradability of kenaf fibre-polymer composites. Kenaf fibre bundles with a diameter of 50-150 µm and length of 500 mm were used. The poly-lactic acid (PLA) was used as a matrix. The biodegradability of kenaf/PLA composites was examined for four weeks using a garbage-processing machine. Experimental results showed that the weight of composites decreased by 38% after four weeks of composting.
Sibata et al. [3] studied the relationship between tensile Young's modulus of single kenaf fibre and flexural modulus of kenaf fibre reinforced biodegradable polymer composites. It was done by predicting the flexural modulus after knowing the tensile modulus of kenaf fibres. The polymer used as matrix in composites was made from corn starch and the composites were fabricated using press forming. The flexural modulus increased with increasing the kenaf fibre content. Walther et al. [4] reported the development of oriented fiber boards made from kenaf and polymer and in construction industry. Kenaf boards were prepared by impregnating them with phenolformaldehyde (PF) polymer. All kenaf fibre boards showed excellent mechanical properties compared with medium-density fibre board made from wood fibres. From the above brief review, kenaf fibre composites were studied by focusing on different important issues in composites but none of the studies concentrates on the determination of tensile properties of long kenaf fibre reinforced unsaturated polyester composites at different fibre orientations.
Experimental
Low twist kenaf yarn fibre was supplied by Innovative Pultrusion Sdn Bhd (IPSB), Senawang, Negeri Sembilan, Malaysia. The properties of kenaf yarn fibre are shown in Table 1 . The kenaf yarn was used in untreated form. The matrix used was pultrusion grade unsaturated polyester (UP). The hardener used was methyl ethyl ketone peroxide (MEKP) and both matrix and hardener were also supplied by IPSB. x 200 x 20 mm. The weight fraction of kenaf yarn fibre was approximately 15% and it was determined by weighing separately the kenaf yarn fibre of the same length to the kenaf yarn fibre incorporated into the UP matrix. Then the weight of composite plate was also weighed. The weight difference between the composite and yarn gave the weight of the matrix. UP matrix was poured onto the mould cavity where kenaf yarn was already in place. Three composite plates were prepared with fibre orientations of 0, ±45 and 90 degrees. The consolidation of composite plates was ensured by means of four G-clamps. The plates were heated in an oven at 70 o C for 5 hours. The tensile test specimens were cut for all 0, ±45 and 90 degrees of orientations. Tensile tests were carried out using an Instron machine with the capacity of 10 kN and six specimens were prepared for each orientation. The tensile tests for kenaf fibre reinforced UP composites were carried out according to ASTM D3039 (1995). Fig. 1 shows the geometry and dimensions of composite specimens. Fig. 2 shows the schematic sketches and photos of tensile specimens of kenaf fibre reinforced UP composites at different orientations: 0º, ±45º and 90º orientation. From the figure, the axis of the kenaf fibres can easily be recognized from the surface texture of the specimens. The Failure specimen was analyzing use scanning electron microscope (SEM) to determine the behavior of different orientation in fibre composite. 
Results and Discussion
The stress-strain curves and strength versus fibre angles in Fig. 3 . and 4. give impressions on how the tensile performance is consecutively decreased at increased yarn angles. The result for each loading direction was taken as an average of the results of six specimens. The highest value of stress is 29 MPa for 0 o loading direction followed by ±45 o loading direction (28 MPa) and 90 o loading direction has the lowest stress value of 6 MPa. These findings are supported by the findings of Madson et al. [6] who reported that as the fibre orientation angles increased the stresses were decreased. The SEM micrographs in Fig. 8 represent the fracture surfaces of kenaf yarn fibre composites after the composites were subjected to tensile testing. By examining the SEM micrographs of kenaf yarn fibre UP composites of 0° fibre orientation in Fig. 8(a) , it can be observed that extensive fibre pull-out was observed from the fracture surface of kenaf yarn fibre UP composites at 0° fibre orientation in Fig. 8(a) . Clean fracture surface of the composites with no visible step marks was also observed from the SEM micrograph, indicates that the composite undergo a brittle fracture during the tensile testing. The fractured kenaf fibre in this composite was observed to exhibit brittle fracture as well, suggesting that the arrangement of kenaf fibre at 0° has decreased the ability of the kenaf fibre to absorb stress from the matrix during failure, and contributes to the decreasing in tensile strength and elongation at break of the composites. Fig. 8(b) shows that elongated fibre fracture and only few fibre debondings occurred during the failure of the UP composites with 45° angle kenaf yarn fibre. Several toughening mechanisms were observed on the composite fracture surface such as fibrillated fibre upon fracturing of the fibre and massive step mark structures.
Step mark structures are branches of new surfaces formed when the matrix absorbed the fracture energy from the applied stress during fracturing of the composites [7] .
Judging from the SEM micrographs in Fig. 8(b) , it is proved that the kenaf fibre orientation at 45° in UP composites yields good tensile properties as the step marks implied that good stress transfer occurred between the fibre and the matrix and also resistance to crack propagation. The ductile fracture observed on the kenaf yarn proved that the orientation of kenaf fibre at 45° allowed the kenaf fibre to absorb the stress transferred from the matrix before fracture. This finding is also in accordance with the data tabulated in stress-strain graphs previously in Fig. 3 . On the other hand, it is interesting to note that the failure mechanism of the kenaf yarn fibre UP composites of 90° fibre orientation composites (Fig. 8c ) consisted of debonding and fracturing of kenaf yarn fibre along the kenaf fibre. The debonding of kenaf yarn fibre is attributed to the arrangement of the kenaf yarn at 90° angle, which allowed the crack to propagate along the fibre as the applied load increased. It is noted in the SEM micrographs that the step marks were prominent in the resin rich area only, indicating that the matrix phase absorbed the energy from the load applied before the composite failed at the fibre rich area. This evidence proved that the 90° fibre orientation hinders the possibility of good stress transfer between matrix and the fibre, thus explaining the poor tensile properties of the composites.
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Summary
It is concluded that composites with 0º orientation show higher strength and stiffness than composites with 45º and 90º angle fibre orientation. The highest value of stress is 29 MPa for 0 o loading direction followed by ±45 o loading direction ( 28 MPa) and 90 o loading direction has the lowest stress value of 6 MPa. Tensile modulus results revealed the highest value of 10.61 GPa for 0 o loading direction and the tensile modulus for 45 o orientation of loading direction is 5 GPa, followed by the modulus for 90 o of fibre loading direction of 1.2 GPa; which is the lowest.
